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(54) Heat sink material for use with a semiconductor component and fabrication method thereof 

(57) A heat sink material for use with a semiconduc- 
tor component having a coefficient of thermal expansion 
near to that of a semiconductor material and a high ther- 
mal conductivity, comprising a plurality of diamond par- 
ticles, a metal, and a metal carbide, wherein the metal 
carbide and diamond particles constitute the matrix, 
and the metal fills the interstices of the matrix is pro- 
vided. Also disclosed are a method for fabricating the 
same and a semiconductor package using the same. 
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a heat sink for use with a semiconductor component having a coefficient of thermal expansion close to that of the sem- 
iconductor material and having an extremely high thermal conductivity can be obtained. 

Thus, the heat sink material for use with a semiconductor component according to the present invention comprises 
a plurality of diamond particles, a metal, and a metal carbide, wherein the metal carbide and diamond particles consti- 
5 tute the matrix, and the metal fills the interstices of the matrix. 

The phrase "material comprising a metal carbide and diamond particles constituting a matrix" as referred to herein 
signifies a "material comprising a plurality of diamond particles connected together by a metal carbide". More specifi- 
cally, this material maintains the connected structure of diamond particles and metal carbide even when the metal of 
the heat sink is molten. 

io The basic concept of the present invention is that the diamond particles are not buried in metal, but that a metal 
carbide (or a metal carbide and graphite) is formed (grown) on the surface of the diamond particles to connect them 
together, which combination is then impregnated with a metal (Cu, Ag, Au, or Al). Briefly, the concept is more like a case 
of forming sintered diamond, and then incorporating an interstitial metal. The only difference is that the diamond parti- 
cles themselves are not bonded together; thus, this material is different from sintered diamond. 

75 Concerning the structure, the diamond particles are incorporated in the matrix of a metal carbide such as TiC, ZrC, 
or HfC, and a metal fills the interstices of the matrix comprising the diamond particles and the metal carbide. Thus, it 
can be seen that the structure of the heat sink for use with a semiconductor component according to the present inven- 
tion greatly differs from the conventional one in which diamond particles are buried in a metal. More specifically, if metal 
is removed from a conventional heat sink material for a semiconductor component, the diamond particles become dis- 

20 united. In contrast to this, the diamond particles remain connected to each other in the heat sink according to the 
present invention. 

In the conventional case, furthermore, a metal is always incorporated between each pair of diamond particles. 
Although there may partly be such a component in the heat sink of the present invention, many parts consist of a metal 
carbide alone. That is, many parts consist of only metal carbide incorporated between different diamond particles, and 
25 the metal carbide is in contact with the surfaces of the different diamond particles. 

In such a material, heat is transferred by lattice vibration alone. Thus, when compared with the conventional case 
in which heat is transferred by lattice vibration / electron / lattice vibration / electron — , it can be readily anticipated that 
a high thermal conductivity is achieved. Moreover, mechanical bonding strength is increased in such a case. 

It is preferred to incorporate graphite in the matrix, because graphite may contribute to the improvement of thermal 
30 conductivity. 

Preferably, the diamond particles have an average diameter of 60 ^im or larger, but not more than 700 nm. If the 
diamond particles are less than 60 jim in average diameter, the thermal conductivity tends to become too low; if the dia- 
mond particles exceed 700 jim in average diameter, they lead to the generation of cracks in a semiconductor substrate 
when the heat sink is joined to the semiconductor component for use therewith. That is, when diamond particles having 
35 too large an average diameter are used, the in-plane distribution of the thermal expansion coefficient is found to greatly 
fluctuate so as to make it impossible for a thin semiconductor substrate to tolerate such a fluctuation. Thus, cracks are 
believed to form by such a mechanism. 

The metal preferably is at least one selected from the group consisting of Ag, Cu, Au, and Al. The use of such a 
material makes it possible to achieve high thermal conductivity. 
40 The metal carbide is at least one selected from the group consisting of TiC, ZrC, and HfC. 

Preferably, metal carbides accounts for 5 % or less by volume of the entire body. If the volume fraction of the metal 
carbides exceeds 5 %, the amount of metallic component tends to become too large so as to deteriorate the thermal 
characteristics of the heat sink when used with a semiconductor component. 

It is also preferred that the surface of the heat sink material is coated with a metal by means of plating or vapor dep- 
45 osition. 

Furthermore, at least one of the insulators AIN and Al 2 0 3 is used for joining the surface of the heat sink with a sem- 
iconductor component. 

The structures described above can be implemented by a method according to the present invention described 
below. A method for fabricating a heat sink for use with a semiconductor component according to the present invention 

so comprises forming a metal carbide on the surface of diamond particles by filling a vessel with a plurality of diamond par- 
ticles, and then bringing the outer surface of the diamond particles in contact with a molten first metal. Then, the inter- 
stices of the resulting sample are impregnated with a molten second metal. 

Preferably, after the first metal alone is heated together with diamond particles to form a metal carbide, the remain- 
der of the first metal is evaporated, and the second metal is heated to melting thereafter. 

55 It is also preferred that the first metal comprises components having a melting point lower than that of the compo- 
nents constituting the second metal, such that only the first metal is molten to form the metal carbide when heating the 
first and the second metals at the same time with the diamond particles; and that, the second metal is allowed to melting 
thereafter. 
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is Brief Description of the Drawings 

duSr ^mrCfnl ♦ SCh6 ^ at,ca,| y show fourtn ste P s <* * method for fabricating a heat sink for use Sh a semicon- 

KTlEETS ? *?, EX ! mP ' e 3 ° f *• Present invention ' in which a d ^rent mold is used 

FIGs. 1 7a and 1 7b schemat.cally show fifth steps of a method for fabricating a heat sink for use wffli a semimnH, „ 

ststjs vr? 3 of the presem invention - in AnJStsss 

RQa 18a and 18b schematically show sixth steps of a method for fabricating a heat sink for use with a semicon 

10 EXamP ' e 3 ° f Pr6Sent inVenti ° n ' " Wh,Ch 3 dWerent ™ ,d - and 
FIG. 19 show schematically a perspective view of a heat sink for use with a semiconductor component accorriinn 
to the present .nvention. which is joined with a semiconductor component and enclosed ta S£S5£ 

Detailed Description of the Invention 

An embodiment of the present invention is described in detail with reference to the attached drawings. 
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FIG. 1 shows schematically the constitution of a heat sink material for use with a semiconductor component 
according to an embodiment of the present invention. Referring to FIG. 1 , a heat sink 10 for use with a semiconductor 
component according to an embodiment of the present invention comprises a plurality of diamond particles 1 , a metal 
carbide 2, and a metal 3. The diamond particles 1 are isolated from each other. The metal carbide 2 is formed on the 
5 outer periphery of the isolated diamond particles 1 to connect the diamond particles 1 with each other. In this manner, 
the metal carbide 2 and the diamond particles 1 form a matrix. The metal 3 is present in the interstices of the matrix. 

A method for fabricating the above heat sink material for use with a semiconductor component according to the 
present invention is described below. 

FIG. 2 to FIG. 7 schematically show the fabrication steps of a heat sink material for use with a semiconductor com- 
w ponent according to an embodiment of the present invention. 

Referring to FIG. 2, diamond particles 1 are placed inside a vessel 5. 

Referring next to FIG. 3, a metal 2a is provided in contact with diamond particles 1. The metal 2a comprises an 
alloy of, for instance, Ti (the metal component for a metal carbide) and at least one metal selected from the group con- 
sisting of Ag, Cu, Al, and Au. A preferable metal component other than Ti is Zr or Hf, but also usable are combinations 
15 of metals selected from Groups 4a to 7a of the periodic table. From the viewpoint of thermal characteristics, the amount 
of Ti is preferably small, but Ti incorporated in too small an amount is ineffective. Thus, the alloy 2a preferably contains 
from 0.1 to 8.0 % by weight of Ti. 

Referring to FIG. 4, the metal 2a is made molten by heating. The molten metal 2b permeates the interstices of the 
diamond particles 1 , and TI incorporated in the molten metal 2b reacts with the diamond to form a metal carbide 2 com- 
20 prising TiC on the surface of the diamond particles 1 . Depending on the conditions, graphite (not shown) may be formed 
occasionally at the same time on heating. The graphite is obtained from the diamond. 

More graphite tends to generate with elevating melting temperature of the metal 2a and with increasing the duration 
of the heating. The use of an alloy for the metal 2a, which is later made molten, is effective, because the melting point 
can be lowered so as to prevent damage from occurring to the diamond and to decrease the amount of graphite that is 
25 generated by the heating. 

Graphite is inferior to diamond from the viewpoint of thermal conductivity; however, it sometimes functions effec- 
tively to bond the diamond particles. Moreover, the presence of graphite in small quantity is of no problem, because it 
does not greatly influence the thermal conductivity of the material as a whole. 

The metal 2b can be evaporated by heating it in vacuum. 
30 Referring to FIG. 5, it can be seen that only diamond 1 and metal carbide 2 remain after the metal 2b is evaporated. 
The resulting structure comprises diamond particles 1 embedded in the matrix of the metal carbide 2. Diamond 1 is 
present as particles, and the particles are not in contact. However, the diamond particles 1 formed by the method above 
are joined with each other by the metal carbide, and are prevented from disuniting. Interstitial spaces can be found to 
form in the matrix composed of diamond particles 1 and the metal carbide 2. 
35 Referring next to FIG. 6, a metal 3a is in contact with the matrix comprising diamond particles 1 and the metal car- 
bide 2. The metal 3a comprises at least one selected from the group consisting of Ag, Cu, Ai, and Au. By melting the 
metal 3a, the metal 3a easily penetrates the interstices of the matrix comprising the diamond particles 1 and the metal 
carbide 2 so as to fill the interstices. For the metal 3a, which is molten and used for infiltration, an elemental metal is 
preferred because it has a high thermal conductivity. If an alloy comprising two or more types of metal is used, on the 
40 other hand, the interstices can be filled up more easily because of the lowered melting point. However, the use of an 
alloy is disadvantageous because it reduces the resultant thermal conductivity. Thus a heat sink material for use with a 
semiconductor component as shown in FIG. 7 is implemented. 

In the heat sink material for use with a semiconductor component thus implemented, the diamond particles 1, the 
metal carbide 2, and the metal 3 are brought into tight contact with each other both thermally and mechanically, and 
45 they yield a coefficient of thermal expansion that is close to the value of a semiconductor material. Accordingly, the 
resulting material functions sufficiently as a heat sink material for use with a semiconductor component. 

A heat sink material for use with a semiconductor component can be fabricated in accordance with another proc- 
ess. 

FIGs. 8 to 12 schematically show the steps for fabricating a heat sink material for use with a semiconductor corn- 
so ponent according to another embodiment of the present invention. Referring to FIG. 8, diamond particles 1 are placed 
inside a vessel 5. 

Referring next to FIG. 9, a metal 2a and a metal 3a are provided in contact with the diamond particles 1 . The metal 
2a comprises an alloy of, for instance, Ti (the metal component for a metal carbide) and at least one metal selected from 
the group consisting of Ag, Cu, Al, and Au. The metal 3a comprises an alloy containing at least one metal selected from 
55 the group consisting of Ag, Cu, Al, and Au, but free of Ti (the metal component for a metal carbide). 

A preferable metal component for the metal carbide other than Ti is Zr or Hf, but also usable are combinations of 
metals selected from Groups 4a to 7a of the periodic table. From the viewpoint of thermal characteristics, the amount 
of Ti is preferably small, but Ti incorporated in too small an amount is ineffective. Thus, the alloy 2a preferably contains 
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TABLE 1 



Particle diameter of dia- 
mond (jam) 


Metal impregnated later 


Thermal conductivity 
(W/mK) 


700 


Silver 


900 


300 


Silver 


880 


200 


Silver 


790 


100 


Silver 


630 


60 


Silver 


500 


10 


Silver 


350 


300 


Copper 


800 


300 


Aluminum 


650 
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TABLE 2 



Particle diameter of dia- 
mond (^im) 


Amount of diamond (g) 


Amount of active silver 
solder (g) 


Thermal conductivity 
(W/mK) 


300 


0.5 


! 2.0 


750 * 


300 


0.5 


1.0 


. 830 


300 


0.5 


0.5 


880 


300 


0.5 


0.3 


900 


300 


0.5 


0.2 


Sample Unavailable 


300 


0.5 


0.1 


Sample Unavailable 


300 


0.5 


0.0 


Sample Unavailable 



It can be seen from the above results that Ag, Cu, or Al functions effectively as a metal to be infiltrated into the struc- 
ture, and that a thermal conductivity of 500 W/mK or higher is achieved by using such a metal. Furthermore, it has been 

20 found that diamond particles 60 urn or larger in diameter are effective to yield a thermal conductivity of not higher than 
the infiltrated metal. It is also found that better characteristics are obtained by decreasing quantity of silver solder. How- 
ever, silver solder has an important function to form TiC, because, when the quantity thereof becomes 0.3 g or less, it 
is difficult to form the desired material. 

Although the coefficient of thermal expansion differs depending on the volume fraction of diamond, a value in a 

25 range of from 7 to 12 ppm/K on average is obtained for the temperature range from room temperature to 500 °C. This 
value for the coefficient of thermal expansion falls between those for a metal (from 1 6 to 20 ppm/K) and that of diamond 
(2 ppm/K). 



EXAMPLE 2 

30 

Diamond particles 1 weighing 0.5 g and having an average diameter of from 10 to 700 urn were charged into a 
quartz vessel 5 having a diameter of 10 mm and a height of about 10 mm (FIG. 8), and after mounting thereon a metal 
block containing from 0.2 to 2.0 g of an active silver solder 2a (containing Ag, Cu, and Ti at a ratio of Ag:Cu:Ti = 
0.7:0.28:0.02) together with 0 to 2 g of Ag or Cu 3a (FIG. 9), the assemblage was held at a temperature of 930 °C in 

35 vacuum (10 5 Torr) for a duration of 1 to 3 minutes (FIG. 10). In this manner, the active silver solder 2a first infiltrated 
the interstices of the diamond particles 1 . Then, the resulting structure was held at a temperature of 980 °C in vacuum 
(10" 5 Torr) for a duration of 1 to 3 minutes. This time, Ag or Cu 3a was molten, and infiltrated the interstices of the struc- 
ture (FIG. 11). Thus, TiC 2 was formed on the surface of diamond particles 1 , and a sample 10 comprising Ag or Cu 3a 
incorporated into the pores of the resulting porous body formed by diamond particles 1 and TiC 2 was obtained (FIG. 

40 12). In addition to TiC 2, graphite was also found to form under high temperature conditions. The thermal conductivity 
of the resulting sample was measured. Thus obtained results are shown in Tables 3 and 4. 



TABLE 3 



Particle diameter of dia- 
mond (jim) 


Metal impregnated later 


Thermal conductivity 
(W/mK) 


700 


Silver 


750 


300 


Silver 


710 


200 


Silver 


690 


100 


Silver 


600 


60 


Silver 


450 


10 


Silver 


300 
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TABLE 4 



Particle diameter of 
diamond (^m) 


Amount of diamond 

(g) 


Amount of arti\/p qH- 
ver solder (g) 


Mmounx ox siiver (g) 


Thermal conductivity 
(W/mK) 


300 


0.5 


2.0 


1.0 


590 


oUU 


0.5 


1.0 


1.0 


650 


300 


0.5 


0.5 


1.0 


700 


300 


0.5 


0.3 


1.0 


750 


300 


0.5 


0.2 


1.0 


Sample Unavailable 


™~ 300 " 


0.5 


0.1 


1.0 


Sample Unavailable 


300 


0.5 


0.0 


1.0 


Sample Unavailable 


300 


0.5 


1.0 


0.0 


300 
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isxsz^ in - temperature ran9e - — 900 * -c in-^K; 

In this manner, referring to FIGs. 15a and 15b. the molten active silver solder 2b infiltrated the interstices of the dia 

^Thus, referring to FIGs. 16a and 16b. porous bodies each comprising diamond particles 1 bonded by TiC 2 were 
Referring to FIGs. 1 7a and 17b. thereafter, a metal block 3a comprisina Aa Cu or Al wa* mo..ntoH nn .♦• 
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place of Cu. The results are summarized in TABLE 5. 
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TABLE 5 



Sample 


Temperature difference 
for 10 W(°C) 


Thermal resistance 

(°C/W) 1 


Cu 


73 


7.3 


No. (1) in TABLE 1 


63 


6.3 


No. (2) in TABLE 1 


50 


5 



Furthermore, in the case where a metal solder is used to join the heat sink 10 with the semiconductor component 
30, it is found necessary to incorporate 2 or more diamond particles in the bonding plane of the heat sink located under 
the semiconductor component 30. 
is As described above, the heat sink material for use with a semiconductor component according to the present inven- 
tion has a coefficient of thermal expansion close to that of a semiconductor material and a high thermal conductivity. 
Accordingly, by embedding the heat sink according to the present invention into a semiconductor device package, the 
heat that is generated upon assembly of the device or during operation of the semiconductor component can be 
released efficiently. 

20 While the invention has been described in detail and with reference to specific embodiments thereof, it will be 
apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the spirit and scope thereof. 

Claims 

25 

1 . A heat sink material for use with a semiconductor component, comprising a plurality of diamond particles, a metal, 
and a metal carbide, wherein the metal carbide and diamond particles constitute a matrix, and the metal fills the 
interstices of the matrix. 

30 2. The heat sink material as in Claim 1 , further comprising graphite included in the matrix. 

3. The heat sink material as in Claim 1, wherein the diamond particles have an average diameter from about 60 jim 
to about 700 ^irn. 

35 4. The heat sink material as in Claim 1, wherein the metal is at least one selected from the group consisting of Ag, 
Cu, Au. and Al. 

* 

5. The heat sink material as in Claim 1 , wherein the metal carbide is at least one selected from the group consisting 
of TiC, ZrC, and HfC. 

40 

6. The heat sink material as in Claim 1 , wherein the metal carbide accounts for 5% or less by volume of the material. 

7. The heat sink material as in Claim 1 , wherein the surface of the material is coated with a metal by means of plating 
or vapor deposition. 

45 

8. The heat sink material as in Claim 1 , wherein at least one insulator selected from the group consisting of diamond, 
AIN, and Al 2 0 3 is used to join the heat sink material to a semiconductor component. 

9. A method for fabricating a heat sink material for use with a semiconductor component, comprising: 

50 

forming a metal carbide on the surface of diamond particles by filling a vessel with a plurality of diamond par- 
ticles, and then contacting the outer surface of the diamond particles with a molten first metal; and 
impregnating the interstices of the resulting material with a molten second metal. 

55 10. The method according to Claim 9, wherein, 

the metal carbide is formed by heating the first metal alone with the diamond particles, and after evaporating 
the remainder of the first metal, the second metal is heated to melting. 
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11. The method according to Claim 9, wherein. 

12. The method according to Claim 9. wherein, 

the melting points of the first and the second metals are 1,100 "C or lower. 

13. The method according to Claim 9, wherein, 

the first and the second metals are molten under a pressure of 1 ,000 at or under vacuum. 
14 ' tSSSH rfcS^ ^ * heat sink compri.ng the hea, 
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Fig.4 
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Fig. 7 
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Fig. 13(a) 



Fig. 13(b) 
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Fig. 17(a) 



Fig. 17(b) 
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Fig. 18(a) 



Fig. 18(b) 
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(54) Heat sink material for use with a semiconductor component and fabrication method thereof 

(57) A heat sin k material for use with a semiconduc- 
tor component having a coefficient of thermal expansion 
near to that of a semiconductor material and a high ther- 
mal conductivity, comprising a plurality of diamond par- 
ticles, a metal, and a metal carbide, wherein the metal 
carbide and diamond particles constitute the matrix, 
and the metal fills the interstices of the matrix is pro- 
vided. Also disclosed are a method for fabricating the 
same and a semiconductor package using the same. 
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